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a Tvn?,TVDMENT c ™ TTTK CLAIMS 

This listing of the claims replaces all prior versions, and listing of claims 
.in the application: 
• T f STTNG CLAIMS 

(ongtaa.) A digital fluency daector for dreeing a diff^ce b«w» a 
of an osaUator output rig^a. and a frequency of a data stgna., the 
digital frequency detector comprising: 

a) • first digital sample means for sampling the oscillator output signal at a 
timing of the data signal to generate a first beat signal; 

. . , . fnr cnmnline a Quadrature clock signal at a 

b) second digital sample means tor sampling <i 4^" ° r ~ 

nming of the data signal to generate a second beat signal; and 

c) third digital sample means for sampling the second beat signal at a timing of 
the first beat signal to generate a frequency error signal. 

(original) A digital frequency detector as claimed in claim 1, wherein a frequency 
of the quadrature clock signal is substantially identical to that of the orator 
output signal, and a phase difference between the quadrature clock signal and the 
oscillator output signal is between about 45° and 135°. 

(original) A digital frequency detector as claimed in claim 2, wherein a phase 
difference between the quadrature clock signal and the oscillator output s,gnal is 

about 90°. 

(original) A digital frequency detector as claimed in claim I, wherein the first 
sample means comprises: 

a) a first pair of digital latch circuits respectively adapted to sample the 
oscillator output signal on rising and falling edges of the data signal; and 
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of ft. fiistpair of digital latch circuits on trmanons of the data signal. 

(onsnaO A dWM *— - «»— * ta < W ~ U *" 

sample means comprises: 

a) a second pair of digital latch circuits respectively adapted to sample the 
quadrature clock signal on rising and falling edge, of the data signal; and 

b) a second multiplexor adapted to selectively switch between respective 
outputs of the second pair of digital latch circuits on transitions of the data 

signal. 

(original) A digital frequency detector as claimed in claim 1. wherein the 
frequency error signal is a differential signal comprising a complementary pair of 
first and second error signals, a difference between values of the first and second 
error signals indicating a frequency difference between the recovered clock signal 
and the data signal. 

(original) A digital frequency detector as claimed in claim 6, wherein the third 

sample means comprises: 

a) a first digital flip-flop circuit adapted to sample the second beat signal on 
rising edges of the first beat signal; 

b) a second digital flip-flop circuit adapted to sample the second beat signal on 
falling edges of the first beat signal; 

c) a first logic gate adapted to output the first error signal when both the first 
beat signal and an output of the first digital flip-flop circuit are at a logical 
high level; and > 

d) a second logic gate adapted to output the second error signal when the first 
beat signal is at a logical low level and an output of the second digital 
flip-flop circuit is at a logical high level. 
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8 (original) A digital frequency detector as claimed in claim 7, wherein the third 

: ' sample means further comprises a digital delay circuit adapted to delay the first 
beat signal with respect to the second beat signal by a predetermined delay penod, 
whereby a delayed first beat signal is supplied to the first and second digital 
flip-flop circuits and the first and second logic gates. 

(original) A digital frequency detector as claimed in claim 8, wherein the 
predetermined delay period is sufficiently long to permit the second beat signal to 
settle at respective inputs of the first and second digital flip-flop circuits. 

(original) A digital frequency detector as claimed in claim 9, wherein the 
predetermined delay period is less than a period of the oscillator output signal. 

(original) A digital frequency detector as claimed in claim 1, further comprising 
data-lock indicator means for generating a lock-indicator signal indicative of a 
frequency-lock condition between the oscillator output signal and the data signal. 

(original) A digital frequency detector as claimed in claim 11, wherein the data 
lock indicator means comprises: 

a) frequency counter means for quantitatively determining a frequency 
difference between the oscillator output signal and the data signal, and 
adapted to generate a threshold indicator signal indicative of whether the 
frequency difference is greater or less than a predetermined threshold; and 

b) a state machine adapted to debounce the threshold indicator signal to 
generate the lock-indicator signal. 

(original) A digital frequency detector as claimed in claim 12, wherein the 
frequency counter means comprises: 

a) a counter for counting, during a predetermined sample period, a number of 
transitions of either one of the second beat signal and a third beat signal; 
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b) comparing mean, for company the counted number of transitions to a 
predetermined limit value, and for generating the threshold indicator signal 
indicative of a result of the comparison; 
the predetermined threshold being defined as a function of the predetermined 
sample period and the predetermined limit value. 

(original) A digital frequency detector as claimed in claim 13, wherein the third 
beat signal is generated by a third multiplexor adapted to alternately select 
respective outputs of a pair of digital flip-flop circuits at atiming of transmons of 
the first beat signal, the pair of digital flip-flop circuits being adapted to sample 
the second beat signal on respective rising and falling edges of the first beat 
signal, 

(original) A digital frequency detector as claimed in claim 13, wherein the 
comparing means is adapted to generate a value of the threshold-indicator signal 
indicative of an in-lock condition when the counted number of transitions u less 
thm the predetermined limit value, and is adapted to generate a value of the 
• threshold-indicator signal indicative of an out-of-lock condition when the counted 
D omber of transitions is equal to or greater than the predetermined limit value. 

(original) A digital frequency detector as claimed in claim 15, wherein the sample 
period is adjustable to control the threshold value. 

original) A digital frequency detector as claimed in claim 14, wherein the counter 

means comprises: 

a) a first digital edge detector circuit responsive to the third multiplexor to 
generate an enable signal at a timing corresponding to transitions of the 
third beat signal; 

b) a second digital edge detector circuit adapted to generate a reset signal at a 
timing corresponding to transitions of a sample clock; and 



16. 



17. 
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c) a digital counter circuit adapted to count cycles of the enable signal and to 
generate a pulse count signal indicative of the number of pulses of the 
enable signal counted between reception of consecutive pulses of the reset 
signal. 



18. 



' 19. 



. 20. 



21. 



(original) A ^'frequency *— - *«~ 4 m CWn " 7 ' ™ herem * 
comparing means comprises . magnitude detector adapted to compare the counted 
number of pulses .o ft. predeKrmined Umi. value, and «o generate the 
m^d-indicator signal indicate of whether .he m*m of pulses coumed 
anring me predeKrmiMd sample period is greater or less than the pred«enm,«d 
limit value. 

(original) A digital frequency detector as claimed in claim 18, wherein the 
comparing means further comprises a latch adapted to sample the comparison 
signal at a timing of the predetermined sample period to generate the 
lock-indicator signal. 

(original) A digital frequency detector as claimed in claim 12, wherein the state 
machine is adapted to: 

a) sample successive values of the lock-indicator signal; and 

i) transition to a DV1L state when a density of sampled values of the 
lock-indicator signal indicative of an out-of-lock condition exceeds a 
predetermined density tolerance; and 
H) transition to a DVTH state if a predetermined number of consecutive 
sampled values of the lock-indicator signal are indicative of an 
in-lock condition. 

(original) A digital frequency detector as claimed in claim 20, wherein the 
predetermined density tolerance is 50%. 
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22. (original) A digital frequency detector as claimed in claim 20, herein the 



23. 



24. 



« 25. 



26. 



predetermined number is 1 . 



(original) A digital frequency detector as claimed ii) claim 11. wherein the data 
lock indicator means is a fixed window phase lock indicator adapted to generate 
the lock-indicator signal on a basis of a proportion of time, in relation to the 
predetermined sample period, for which the second beat signal is at a logical-low 

level. 

(original) A digital frequency detector as claimed in claim 23, wherein the fixed 
window phase lock indicator comprises: 

a) means for generating a reset signal at a timing of the predetermined sample 
period; and 

b) an N-bit counter adapted to: 

i) count bits of the oscillator output signal while the second beat signal 
is at a logical-low level, and accumulate the count in an N-bit 
counter; 

ii) generate an over-flow signal indicative of an over-flow state of the 
N-bit counter, and 

jii) reset a counted number of bits to zero upon receipt of the reset 
signal. 

(original) A digital frequency detector as claimed in claim 24, wherein.me means 
for generating a reset signal comprises a 2 M frequency divider adapted to generate 
the reset signal by frequency-division of the oscillator output signal. 

(original) A digital frequency detector as claimed in claim 25, wherein values of 
N and M are selected to provide desired noise-rejection properties of me data lock 
indicator means. 
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27. (original) A digital frequency detector as claimed in claim 24. wherein the fixed 
window phase lock indicator is adapted to assert a value of the lock-indicator 
signal indicative of an out-of-lock condition when a value of the over-flow signal 
indicates that the N-*it counter is in an over-flow state, and otherwise assert a 
value of the lock-indicator sigoal indicative of an in-lock condition. 



28. 



29. 



30. 



i 31. 



(original) A digital frequency detector as claimed in claim 27, wherein the fixed 
window phase lock indicator further comprises: 

a third digital flip-flop circuit adapted to sample the over-flow signal at a 
timing of the reset signal; and 

a logical-NOR gate adapted to assert a value of the lock-indicator signal 
corresponding to a value of one of the over-flow signal and an output of the 
third digital flip-flop circuit 



a) 



b) 



(original) A digital frequency detector as claimed in claim 11, wherein the data 
lock indicator means is a sliding window phase lock indicator adapted to generate 
the lock-indicator signal on a basis of a series of N consecutive samples of the 
second beat signal. 

(original) A digital frequency detector as claimed in claim 29, wherein the sliding 
window phase lock indicator is adapted to assert a value of the lock-indicator 
signal indicative of an out-of-lock condition if at least 2 out of N+l consecutive 
samples of the second beat signal are at a logical low value, and assert a value of 
the lock-indicator signal indicative of an in-lock condition if at least N 
consecutive samples of the second beat signal are at a logical high value. 

(original) A digital frequency detector as claimed in claim 29, wherein the sliding 
window data frequency lock indicator comprises: 

a) an input digital flip-flop circuit adapted to sample the second beat signal at a 
timing of a predetermined sample period; 
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i 32. 



an N-bit shift register connected to the input digital flip-flop ciicuit and 
adapted to store N consecutive samples of the second beat signal; 

c) a first logic gate adapted to assert a high value of a first gate output signal 
when at least one of the N bits of the shift register, and an output of the 
input digital flip-flop circuit are at a low value; 

d) a second logic gate adapted to assert a high value of a second gate output 
signal when all N bits of the shift register are at a high value; and 

e) an output digital flip-flop circuit adapted to assert a value of the 
lock-indicator signal-based on the first and second gate output signals. 

(previously amended) A system for recovering a clock signal from a data signal, 
comprising: 

a) an oscillator adapted to generate an oscillator output signal; 

b) a digital frequency detector adapted to generate a frequency error signal 
indicative of a detected frequency difference between the data signal and the 
oscillator output signal, the digital frequency detector comprising: 

i) first digital sample means for sampling the oscillator output signal at 
a timing of the data signal to generate a first beat sigoal; 

ii) second digital sample means for sampling a quadrature clock signal 
at a timing of the data signal to generate a second beat signal; and 

ui) third digital sample means for sampling the second beat signal at a 
tuning of the first beat signal to generate a frequency error signal; 

c) a phase detector adapted to generate a phase error signal indicative of a 
detected phase difference between the data signal and the oscillator output 
signal; 

d) lock-detecting means responsive to the digital frequency detector for 
detecting an out-of-lock condition between the data signal and the recovered 
clock signal; and 
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e) control means responsive to the lock-detecting means and adapted to control 
the oscillator to generate the oscillator output signal on the basis of the 
digital frequency detector during an out-of-lock condition, and otherwise to 
generate the oscillator output signal on the basis of the phase detector. 

33. (previously canceled) 

i 

; 34. (previously canceled) 

35. (previously amended) A system as claimed in claim 32, wherein the 
lock-detecting means comprises a frequency lock detector responsive to the digital 
frequency detector and adapted to generate a lock-indicator signal indicative of a 
frequency-lock condition between the data signal and the oscillator output signal. 

36. (original) A system as claimed in claim 35, wherein the control means comprises: 

a) a state machine responsive to the lock-indicator signal and adapted to 
generate a control signal; and 

b) selection means responsive to the control signal and adapted to selectively 
enable control of the oscillator by either the first or second detector means. 



37. (previously canceled) 

38. (previously amended) A system as claimed in claim 32, wherein a frequency of 
the quadrature clock signal is substantially identical to that of the oscillator output 
signal, and a phase difference between the quadrature clock signal and the 
oscillator output signal is between about 45° and 135°. 

39. (original) A system as claimed in claim 38, wherein a phase difference between 
the quadrature clock signal and the oscillator output signal is approximately 90". 
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U (previously amended) A system as claimed in claim 32, wherein the first sample 

means comprises: 

a) a first pair of digital latch circuits respectively adapted to sample the 
I oscillator output signal on rising and falling edges of the data signal; and 

i 

| b) a first multiplexor adapted to selectively switch between respective outputs 

! of the first pair of digital latch circuits on transitions of the data signal. 

1 41. (previously amended) A system as claimed in claim 32, wherein the second 
sample means comprises: 

a) a second pair of digital latch circuits respectively adapted to sample the 
quadrature clock signal on rising and falling edges of the data signal; and 
; b) a second multiplexor adapted to selectively switch between respective 

j outputs of the second pair of digital latch circuits on transitions of the data 

I signal. 

= 42. (previously amended) A system as claimed in claim 32, wherein the frequency 
error signal is a differential signal comprising a complementary pair of first and 
second error signals, a difference between values of the first and second error 

I signals indicating a frequency difference between the recovered clock signal and 

the data signaL 

! 43. (original) A system as claimed in claim 42, wherein the third digital sample means 

comprises: 

a) a first digital flip-flop circuit adapted to sample the second beat signal on 
rising edges of the first beat signal; 

b) a second digital flip-flop circuit adapted to sample the second beat signal on 
falling edges of the first beat signal; 
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c) a first logic gate adapted to output the first error signal when both the first 
beat signal and an output of the first digital flip-flop circuit are at a logical 
high level; and 

d) a second logic gate adapted to output the second error signal when the first 
beat signal is at a logical loy level and an output of the second digital 
flip-flop circuit is at a logical high level. 



44. 



j 45. 



46. 



47. 



(original) A system as claimed in c 
further comprises a digital delay 
respect to the second beat signal 
delayed first beat signal is supplied 
and the first and second logic gates. 



laini 



43, wherein the third digital sample means 
circuit adapted to delay the first beat signal with 
a predetermined delay period, whereby a 
o the first and second digital flip-flop circuits 



(original) A system as claimed in 
period is sufficiently long to permi 1 : 
inputs of the first and second digital 



(original) A system as claimed 
period is less than a period of the 



claim 44, wherein the predetermined delay 
the second beat signal to settle at respective 
flip-flop circuits. 



m claim 45, wherein the predetermined delay 
oscillator output signal. 

claim 32, wherein the lock-detecting means 



(original) A system as claimed in 
comprises: 

a) frequency counter means jfor quantitatively determining a frequency 
difference between the oscilator output signal and the data signal, and 
generating a threshold indicator signal indicative of whether the frequency 
difference is greater or less than a predetermined threshold value; and 

b) a state machine adapted to deboance the threshold indicator signal to 
generate the lock-indicator signal. 

48. (original) A system as claimed in claim 47, wherein the frequency counter means 
comprises: 1 



! i • 
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a counter for counting, during a predetermined sample period, a number of 
transitions of either one of the second beat signal and a third beat signal; 
b) comparing means for comparing the counted number of transitions to a 
predetermined limit value, and for generating the threshold indicator signal 
indicative of a result of the comparison; 
the predetermined threshold value being defined by a function of the 
predetermined sample period and the predetermined limit value. 

49 (original) A system as claimed in claim 48, wherein the third beat signal is 
generated by a third multiplexor adapted to alternately select respective outputs of 
each of the first and second digital flip-flop circuits at a timing of transitions of 

the first beat signal. 

50 (original) A system as claimed m cla«n48, wherein the comparing means is 
adapted to generate a value of the threshold-indicator signal indicative of an 
in-lock condition when the counted number of transitions is less than the 
predetermined limit value, and is adapted to generate a value of the 
threshold-indicator signal indicative of an out^f-lock condition when the counted 
number of transitions is equal to or greater than the predetermined limit value. 

51. (original) A system as claimed in claim 50, wherein the sample period can be 
adjusted. 

52. (original) A system as claimed in claim 48, wherein the frequency counter means 
comprises: 

a) a first digital edge detector circuit responsive to the fourth sample means to 
generate an enable signal at a timing corresponding to transitions of the 
third beat signal; 

b) a second digital edge detector circuit adapted to generate a reset signal at a 
timing corresponding to transitions of a sample clock; and 



J 
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1 C ) a digital counter circuit adapted to count pulses of the enable signal and to 

generate a pulse count signal indicative of the number of pulses counted 
between reception of consecutive pulses of the reset signal. 

1 53 (original) A system as claimed in claim 52. wherein the comparing means 
: comprises a magnitude detector adapted to compare the counted number of pulses 

to a predetermined threshold, and to generate the threshold-indicator signal 
indicative of whelher the number of cycles counted during the predetermined 
sample period is greater, equal to or less than the predetermined limit value. 

' 54. (original) A system as claimed in claim 53, wherein the comparing means further 
comprises a latch adapted to sample the comparison signal at a timing of the 
predetermined sample period to generate the lock-indicator signal. 

! 55. (original) A system as claimed in claim 47, wherein the state machine comprises 
j monitor means adapted to sample successive values of the lock-indicator signal, 

the state machine being adapted to: 

a) transition to a DVIL state when a density of sampled values of Hie 
lock-indicator signal indicative of an out-of-lock condition exceeds a 
predetermined density tolerance; and 

b) transition to a DVJH state if a predetermined number of consecutive 
sampled values of the lock-indicator signal are indicative of an in-lock 
condition. 

56. (original) A system as claimed in claim 55, wherein the predetermined density 
tolerance is 50%. 

57. (original) A system as claimed in claim 55. wherein the predetermined number 
is 1. 
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(original) A system as claimed in claim 35, wherein the data lock indicator means 
is a fixed window phase lock indicator adapted to generate the lock-indicator 
signal on a basis of a proportion of time, in relation to the predetermined sample 
period, for which the second beat signal is at a logical-low level. 

59. (original) A system as claimed in claim 58, wherein the fixed window phase lock 
indicator comprises: 

a) means for generating a reset signal at a timing of the predetermined sample 
period; and 

b) an N-bit counter adapted to: 

i) count bits of the oscillator output signal while the second beat signal 
is at a logical-low level: 

ii) generate an over-flow signal indicative of an over-flow state of the 
N-bit counter; and 

iii) reset a counted number of bits to zero upon receipt of the reset 
signal. 

60. (original) A system as claimed in claim 59, wherein the means for generating a 
reset signal comprises a 2 M frequency divider adapted to generate the reset signal 
by frequency-division of the oscillator output signal. 

61. (original) A system as claimed in claim 60, wherein values of N and M are 
selected to provide desired noise-rejection properties of the data lock indicator 
means. 

62. (original) A system as claimed in claim 59, wherein the fixed window phase lock 
indicator is adapted to assert a value of the lock-indicator signal indicative of an 
out-of-lock condition when a value of the over-flow signal indicates that the N-bit 
counter is in an over-flow state, and otherwise assert a value of the lock-indicator 
signal indicative of an in-lock condition. 
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63. (original) A system as claimed in claim 62, wherein the fixed window phase lock 
indicator further comprises: 

a) a third digital flip-flop circuit adapted to sample the over-flow signal at a 
timing of the reset signal; and 

b) a logical-NOR gate adapted to assert a value of the lock-indicator signal 
j corresponding to a value of one of the over-flow signal and an output of the 
; third digital flip-flop circuit. 

i 

\ 64. (original) A system as claimed in claim 35, wherein the lock detecting means is a 
I sliding window phase lock indicator adapted to generate me lock-indicator signal 

j on a basis of a series of N consecutive samples of the second beat signal. 

i 

i 65. (original) A system as claimed in claim 64, wherein the sliding window phase 
j lock indicator is adapted to assert a value of the lock-indicator signal indicative of 

an out-of-lock condition if at least 2 out of N+l consecutive samples of the 
second beat signal are at a logical low value, and assert a value of the 
lock-indicator signal indicative of an' in-lock condition if at least N consecutive 
; samples of the second beat signal ate at a logical high value. 

! 66. (original) A system as claimed in claim 64, wherein the sliding window phase 
i lock indicator comprises: 

a) an input digital flip-flop circuit adapted to sample the second beat signal at a 
timing of a predeteimined sample period; 

b) an N-bit shift register connected to the input digital flip-flop circuit and 
adapted to store N consecutive samples of the second beat signal; 

c) a first logic gate adapted to assert a high value of a first gate output signal 
when at least one of the N bits of the shift register, and an output of the 
input digital flip-flop circuit are at a low value; 

d) a second logic gate adapted to assert a high value of a second gate output 
signal when all N bits of the shift register are at a high value; andan output 
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digital flip-flop circuit adapted to assert a value of the lock-indicator signal 
based on the first arid second gate output signals. 

67 . (currently amended) A method of recovering a clock signal from a received data 

signal, compri sing the steps of: 

a) sampling the received data signal using a phase detector that generates a 
phase error signal indicative of a detected phase difference between the data 
signal and an oscillator output signal, and a digital frequency detector that 
performs frequency lock on data signal frequencies that fall outside of a 
pull-in range of the phase detector; 

b) selecting an output of the phase detector when the detected frequency 
I difference is small and. otherwise selecting the output of the digital 

frequency detector to generate the recovered clock signal; and 

c) using the selected one of the outputs of the phase detector and the digital 
frequency detector to control an oscillator to generate the recovered clock 
signal 

| urWftin the digital frequency drftctar performs the steps of: 

ft sampling ™ in- phass cloc fr »* » timing of a data simal to produce a 
firsf beat signal; 

anting P c yiadrature clocV «t a riminff of the data signal to 

produce a ^econd beat signal; 

ii ft sampling ««™d beat yr' * " f tn * ^ rst beat 

produce two different ial outputs. 

68. (original) A method as claimed in claim 67 wherein selecting an output of the 
phase detector and the digital frequency detector is performed by a control unit. 

69. (cancelled) 
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70 ( cn«n»y -ended) A mefcod as earned in d» *• wherein the two 
£2i ou,uts detennine -h— . of the delved doc* signal 

^e JL-. decree or remain unchanged « — » - — 

frequency of ihe received signal. 

7I (currently tended) A method as claimed in <■*.«» wherein the arstbea. 
' signal and the 3econd beat signal are used by a data qualification circuit to 
! datively determine a n^uenc* dtference between the da* signal and the 

recovered clock signal. 

(original) A method as claimed in claim 71 herein transitions of a state of the 
first and second beat signals are monitored to quantitatively determine a frequency 
difference between the data signal and the recovered clock signal. 

73 (original) A method as claimed in claim 67 wherein operations for recovering the 
clock signal begin in a reference tracking mode in which the phase detector 
controls an oscillator* lock to a supplied reference clock, and when a frequency 
difference between the reference clock and the recovered clock frequency as less 
than a predetermined threshold, the recovered clock frequency relative to data 
frequency is monitored. 

74 (original) A method as claimed in claim 73 wherein if a difference in the 
frequency match is smaller than a predetermined threshold, a transition is made to 
a data tracking mode in which the digital frequency detector controls a frequency 
of the recovered clock signal to reduce the difference in frequency match between 
a frequency of the recovered clock signal and a frequency of the data signal. 

75 (original) A method as claimed in claim 74 wherein after the digital frequency 
detector has controlled a frequency of the derived clock signal to an extent that a 
difference between the frequency of the derived clock signal and the frequency of 
the data signal is less than the predeteimmed threshold, control of the derived 
clock signal is returned to the phase detector. 

i 
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76. 



: 77. 



78. 



isicmerlorraiCTus 

(original) A method as claimed in claim 67 wherein the data signal frequency is 
( ;rld an appropriate reference clock is supplied, - ^ » 
TeLtor providing input to a data qualtfcation circuit that outputs a 
indicative of whether the data received is valid data. 

(original) A method as claimed in claim 6T wherein clock recovery is performed 
without a reference clock, comprising the steps of: 

data frequency acquisition is performed using the digital frequency detector 
and the recovered clock frequency is adjusted until the frequency is wnmn a 
pull-in frequency range of the phase detector; and 

control is switched to the phase detector to lock the frequency of the derived 
clock signal to the frequency of the data signal. 



a) 



b) 



(original) A method as claimed in claim 77 wherein if the lock between the 
derived clock signal and the data signal is lost, control is again returned to the 
digital frequency detector to enable the digital frequency detector to re-adjust the 
frequency of the derived clock signal. 
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